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^ ^ N STRENGTH OF WOODEN COLUMNS. 



To THE Boston Manufactubers Mutual 
Fire Insurance Company. 

Qentlemen : — 

Eight or nine months ago, your President, 
Mr. Edward Atkinson requested me to sup- 
erintend some computations on the strength 
of wooden beams, and columns. He desired 
that I should direct what constants, and what 
formulGB should be used in the calculations. 
In regard to the beams, although our data are 
untrustworthy, inasmuch as almost all of them 
have been derived from experiments made upon 
very small beams, nevertheless, I caused the 
computations to be made, with such constants 
as my j udgment told me were the most reliable. , 

In regard to the columns, I reported to him 
that the experimental data, on which are based 
the rules for the determination of the strength 
of wooden columns, were so few, and so 
imperfect, that there were no formula by 
which it would be at all safe to make the de- 
sired computations, and that the only course 
that lay open to him was to send some columns 
to the WatcrtoY^n arsenal, and have them tested 
on the government testing machine. He, there- 
upon, decided to have the tests made, and 
asked me to take charge of them. 

Of the rules and formules for the computa- 
tion of the strength of columns the oldest are 
those of Enler, and, so far from having gone 
out of use, they have been employed at a very 
recent date by prominent French engineers in 
computing a very important construction. 
This theory assumes that it is possible to 
determine a definite ratio of length to diam- 
eter, different for every different material, and 
that all columns the ratio of whose lengths to 
their diameters is less than this number give 
way by direct crushing, whereas those which 
have the ratio of their lengths to their diam- 
eters greater than this number, give way 
wholly by transverse bending. His formulfls 
for the strength of such circular columns as 
yield by bending, are as follows : 

For ends fixed in direction p^(3,1416)» d*^ 

16 ^1« 

p_(3a4l6)3 d* 
"" 64 *^P 



For rounded ends 



wood, Weisbach gives for use in Euler's for- 
mules E =1,664,000 and crushing strength per 
square inch = 6770. 

Eaton Hodgkinson made a very extensive 
series of tests on columns, especially of cast 
iron, and deduced from these tests certain 
empirical formulse. These tests form, even at 
the present day, the basis of the most used 
formulse for the strength of columns. The 
strength of pillars of the ordinary sizes used 
in practice has been computed by means of 
Hodgkinson's formulss and tabulated by Mr. 
James B. Francis, and we find in his book (he 
following rules for the strength of solid cylin- 
drical pillars of cast iron with the ends flat, 
i. e., ^' finished in planes perpendicular to the 
axis, the weight being uniformly distributed 
on these planes." For pillars whose length 
exceeds thirty times their diameter, he gives 
the formula: 



W = 99,318" 



ll.T 



for the breaking weight in pounds, where d= 
diameter of column in inches, and l=:length in 
feet. 

If, on the other hand, the length does not 
exceed thirty times the diameter, he gives for 
the breaking weight the following formula: 

W' = 



Wc 



where P=^ breaking weight in pounds, E = 
modulus of elasticity of the material. For 



W + Jc 

where W= breaking weight that would be 
derived from the preceding formula; W'=act- 
ual breaking weight ; c = weight which would 
crush the pillar; or c = 109,801 (.7854d2). . 

If the pillar has rounded ends, take one- 
third of the above result. 

For wooden pillars of Dantzic oak, take one- 
ninth of the breaking strength of a cast iron 
pillar. 

Mr. Lewis Gordon devised semi-theoretical 
formulsQ for the strength of columns, which 
were founded on the assumption that they 
gave way by a combination of crushing and 
bending, and which also involved other as- 
sumptions, a part of which were those ordina- 
rily made in regard to the transverse strength 
of beams. The constants used were deter- 
mined in such a way as to make the results 
agree as nearly as possible with Hodgkinson's 
experiments. The formulsB devised by Gordon 
himself only refer to cylindrical and hollow 



cylindrical columns. A formula devised by 
the same course of reasoning and also depend- 
ing, for its constants, on Hodgkinson's experi- 
ments, but so arranged as to be applicable to 
any form of section whatever, is given by 
Professor Hankine. For wood it is as follows : 

7200fl 

I-lJ 

where P = breaking strength in pounds; 

S = sectional area in square inches; 

1 = length in inches; 

r = least radius of gyration in inches. 
Besides the above we have formulss which 
are practically Rankine's formulae, with the 
constants changed. One of these is that of 
Mr. C. Shaler Smith as given in Traut wine's 
pocket book, and applicable, as he claims, to 
a square or rectangular column of white or 
yellow pine. It is as follows : 

5000S 

where P=== breaking weight in pounds; 

S= sectional area in square inches; 

1 = length in inches; 

d = least side of rectangle. 

I have computed by means of these formulss 

the breaking weights of certain oak columns, 

with the following results: 

Length = 14 feet. 

Diameter IMameter 

10 5 inches. 9.5 incbes. 

TPrtiai. /Flat ends '8r.,214 479,858 

•*^"*®^ \ Rounded ends »17,147 232,623 

•n-nfei-^ f Flat ends 4«K,261 360,164 

•'**"*^*"^ \ Rounded ends .'J63,615 191,286 

Tjv-n-i, rriatends 420,000 »312,795 

•*'™"*^*®" t Rounded ends 140,000 104,265 

If we use the average of the results obtained 
from the oak colnmns that I tested at Water- 
town, we should find for the breaking weights 
of the above columns with flat ends, about 
277,000 lbs., and 227,000 lbs. respectively. 

A glance at the above results will show that 
they differ very much from each other, and 
the question naturally arises as to the trust- 
worthiness of the experimental data on which 
they are based. 

The constants used in Euler's formulss are 
not deduced from any experiment on the 
breaking of a column. 

Bankine's and Francis's have for experi- 
mental basis, the experiments of Hodgkinson. 
He made a very large number of tests of cast- 
iron columns, none of which were as large as 
those used in practice, On oak columns, ho 
made seventeen experiments on as many col- 



umns, all cut from one good plank of DantEic 
oak, the largest of which was five feet long and 
two inches square. Of these seventeen only 
seven were used in deducing his formulse. 

It is plain that such data are insufficient 
and cannot furnish us reliable information as 
to the strength of a column. 

Moreover, we have the following facts, as 
showing the difference of behavior of large 
and small specimens under test: An iron rod, 
five inches in diameter, which was tested on 
the government testing machine at the Water- 
town arsenal, broke under a tensile stress of 
only 36,000 lbs. per square inch, notwithstand- 
ing that it was claimed by the makers to be of 
vfery superior quality, and if tested in small 
specimens trould have borne Very much more. 
In the Journal of the Franklin Institute, for 
September, 1880, we find it stated that Professor 
Thurston, from four experiments on large 
beams of yellow pine, obtained as modulus of 
elasticity 1,387,000 pounds per square inch in 
place of 2,078,000, which he had obtained from 
tests made on small beams of the same kind of 
wood. 

Having thus fully defended, as it seems to 
me, the recommendation I made to Mr. Atkin- 
son, I will add, that besides five tests on full 
size yellow pine columns, and about six on 
full size spruce columns made by Colonel Laid- 
ley at the Waterto^n arsenal, I know of no 
other tests of full size wooden columns except 
a few made by Mr. ICirkaldy on pine columns 
twenty feet long and thirteen inches square; 
and Trautwine claims that the results of these 
tests agree well with the formula of Mr. C. 
Shaler Smith. Such agreement must, however, 
be confined to those special dimensions, inas- 
much as a square yellow pine column, twelve 
feet long and eight inches square, would, 
according to Mr. Smith's formula, have for its 
breaking strength 140,000 lbs., whereas having 
ac ually broken a yellow pine post of about 
that size, I found for its breaking strength 
375,000 lbs., which shows that Mr. Smith's 
formula does not furnish correct results for all 
sizes. 

Passing now to consider the experiments 
which are to form the subject of my remarks 
I will say that there have thus far been two 
series of tests, the first made in June and the 
second in November, 1881. 

In the case of the first series it was Mr. At- 
kinson's desire that neither he nor I BhonU\ 
take any part in the seleutiuu, and hence ft 



carpenter was directed to famish ten columns 
suitable for use in a mill. Four of them were 
of yellow pine, four of white oak, and two of 
white- wood. They were all twelve ft. long, all 
were tapered from bottom to top, and all were 
bored, and we supposed at the time that they 
had a longitudinal hole extending from end 
to end to allow a free circulation of air, and 
hence to prevent checking and dry rot. The 
larger diameters varied from about 10.5 inches 
to 7.75 inches, whereas the smaller varied 
from about 9.3 inches to about 6.4 inches. 

Tho pine was of very fair quality, and not 
thoroughly seasoned. The oak came almost- 
directly from the woods and was very green, 
and also very knotty. 

All the tests in the first series were made by 
compressing the columns directly between 
two parallel plane surfaces, so that these 
columns were all in the condition of flat-ended 
columns, or columns with their ends fixed in 
direction. In all but two cases fracture oc- 
curred near the small end of the tapered 
I)Osts, indicating that the fracture was one 
of direct crushing,/and that the breaking 
strength per square inch could be correctly 
found by dividing the breaking load by the 
number of square inches in the section at the 
smaller end. The immediate location of the 
fracture was generally determined by knots, 
whenever there were knots near the small end 
of the post, the knots apparently causing the 
fibres in their vicinity to be curved, instead of 
straight, and hence reducing the eflfective bear- 
ing area, nevertheless, the fracture near the 
small end occurred in perfectly straight- 
grained posts, as well as in those where there 
were knots. 

Both horizontal and vertical deflections 
were measured in all cases, sometimes only at 
the middle of the posts, and sometimes at 
other points also. The numbers given in the 
tables in the deflection columns, are the hori- 
zontal and vertical distances of given points 
on the columns from fixed datum lines, and 
hence the deflections under any given load 
will be found by subtracting the first of ,the 
readings from those corresponding to the given 
load, thus, in yellow pine post No. 1, 1st series 
(as shown in the accompanying tables), the 
horizontal middle deflection was 0.09 in. and 
the vertical 0.03 in., when the load was 180,000 
pounds. 

An examination of the tables will show that 
the deflections in this first series of tests re- 
mained always very soaall (almost ix^ppreda- 



ble), UDjfcll the load had nearly reached the 
breaking strength, and that when the deflec- 
tion began to be of appreciable magnitude it 
was a sign that the column was begining to 
fail ; also that, except in the two exceptional 
cases above referred to, the deflection was 
quite small evei\^ when the i)Ost was near 
fracture, showing that the deflection played a 
quite insignificant part, if any, in the break- 
ing of the posts, so insignificant that a little 
crooked grain or a small knot would have 
more influence than the deflection. Indeed, 
in the case of the posts tested at , the Water- 
town arsenal by Col. Laidley, the longest of 
which was about 10 diameters in length the 
deflection was never measured, so confident 
was he of their breaking by direct crushing. 

That columns whose ratio of length to diam- 
eter is much greater, will give way by bend- 
ing, is of course true, but what is the precise 
point at which bending begins to have an 
appreciable infiuence in the fracture of posts 
with their ends fixed in direction, and whether 
such is the case in any of the ordinary mill 
columns is a question that can only be deter- 
mined by experiment. Now as to the crushing 
strength per square inch we have from this first 

series of tests an average value of 

4300 lbs per square inch for yellow pine. 

8500 " white oak. 

8000 " " " " " whitewood. 

and these results will be found to difier very 
considerably from those most commonly given 
in the books. How and why, I will show when 
I speak of the second series of tests. 

As to the two posts that gave way by bend- 
ing, one» was yellow pine post No. 2, and in 
this case the failure was evidently caused by 
a large knot near the middle of the length of 
the post with season cracks around it, the 
' knot acting like a wedge and widening the 
season cracks, and causing the post to weaken 
and then to bend. At 60,000 pounds there was 
no measurable deflection, neither was there 
any at 120,000 lbs., nor at 150,000. When the 
load became 180,000 lbs. the deflection became 
about 0.02, then a load of 190,000 lbs. was put 
on and left through the dinner hour, and be- 
fore the end of that time the post had failed, 
the season cracks opening and the post bend- 
ing with the knot on the concave side. Tho 
behavior of this column shows very plainly 
the importance of determining experimentally 
the power of columns to endure a load for a 
long time. Had the load of 190,000 lbs. not 
been left, but the load increased, it is probable 
that the column wouid have borne a load as 
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great as 210,000 pounds, but the 190)000 lbs. 
was already causing permanent injury to the 
fibres near the point of subsequent fracture. 

The other post that failed by deflection was 
white oak post No. 2, which contained about 
thirty knots, the greater part of which were 
very small. There was, however, a very large 
one near the centre, but fracture was appa- 
rently in no Wise influenced by the it, but was 
produced by the fact that the hole bored in 
the post for the admission of air was out of 
centre at the middle. The deflection again 
was very small until the load reached nearly 
the limit of strength; thus at 50,000 lbs. it 
was 0.02 in.; at 100,000 it was 0.04 in.; at 
150,000 it was 0.08 in.; at 180,000 it was 0.07 
in.; but when 200,000 lbs. was applied it rose, 
after five minutes, to about 0.7 in., the column 
rapidly failing.'. . On jfti?Ediv^fitft1$bn it appeared 
that the holes had been In all cases bored from 
the two ends, and that in only one post of this 
series, viz., the smallest whitewood, did they 
meet in the centre; a section subsequently cut 
from yellow pine post No. 2, and shown in the 
figure, exhibits the great eccentricity of these 
holes. That such holes do not fulfil the object 
for which they were intended, viz., the ad- 
mission of a current of air, is very plain ; and 
also that, in that case, they are sources of 
weakness in the post, and are worse than no 
holes at all. 

In the second series I made an attempt to 
have the holes bored straight, and, for this 
purpose, had them bored in a machine shop 
on a large iron lathe with a pump augur, the 
first series having been bored by hand with a 
screw augur. While the result was a decided 
improvement on the previous boring, inasmuch 
as there was in every case a hole clear through 
the post, nevertheless it was far from being 
such boring as ought to be done if the post is 
to be weakened as little as possible thereby. 
A section cut from post No. 4 yellow pine and 
post No. 1 yellow pine, of the second series, 
and shown in these figures, will show 
some of the wotst of this boring. 

I am fully satisfied that the holes can be 
bor6d straight, and I would therefore recom- 
mend that no post be accepted for building in 
which the hole has been bored from the two 
ends, and that, in the case of those bored clear 
through from one end, all be rejected, where 
the hole at the issuing end is more than } in. 
out of centre. I am not disposed to recom- 
mend the turning the post down parallel t6 



the hole, as we should thus have to cut the 
wood across the grain. 

Before going farther I will proceed to con- 
sider in detail the behavior of the remainder 
of the posts of the first series : 

1. White Oak No. 1.— When loaded with 
50,000 lbs. the middle deflection was about 0.02 
in.; with 100,000 lbs. it was about 0.03 in.; 
with 120,000 about 0.04 in. ; with 140,000 about 
0.06 in.; with 160,000 about 0.08 in.; with 
180,000 about 0.13 in. The load, 180,000 lbs., 
remained on for 15 minutes, during which 
time the compression was constantly increas- 
ing, and when 190,000 lbs. was applied the 
deflection was again measured and found to 
be about 0.33 in. ; the column was then in pro- 
cess of failing. It wiuld probably have failed 
under 130,000 lbs., had sufficient time been 
allowed. 

2. White Oak No. 3.— The deflection un- 
der 50,000 lbs. was 0.02 in. ; under 100,000, 0.07 
in.; under 150,000 about 0.17 in. This load 
remained for 15 minutes, the deflection in- 
creasing all the time, and then the load was 
increased to 160,000 lbs., when failure took 
place. The failure took place at knots near 
the smaller end, bending concave on the side 
of the knots. 

3. White Oak No. 4. — Middle deflection at 
50,000 lbs. was 0.01 in. ; at 100,000 about 0.03 
in.; at the same load after 8 minutes it be- 
came 0.12 in.; in 28 minutes 0.23 in., and 
would probably have failed at this load with 
sufficient time, but after 36 minutes the load 
was increased to 110,000, when the column 
failed at knots near the small end. 

4. Yellow Pine No. l.—This column was 
entirely free from knots, and (I think) also 
from season cracks. It failed under 270,000 
lbs. by the crushing of the fibres at the small 
end. The deflection at 100,000 lbs. was 0.07 
in. ; at 180,000 about 0.09 in. ; at 220,000 it was 
about 0.13 in.; at 260,000 about 0.17 in. ; then 
270,000 was put on and the post yielded rapidly. 

5. Yellow Pine No. 3. — This column failed 
under 200,000 lbs., the fibres crumpling 4 in. 
to 8 in. from the smaller end where there was 
no knot, and also at 32 in. from the smaller 
end in the vicinity of a small knot. There 
was a double fiexure produced just at the close 
of the test, but it is my opinion that the crump- 
ling nearest the small end was the source of 
t^ilure, and that the other was subsequent to 
that. 



6. Yblix>w Pine No. 4.^This column failed 
under a load of 138,000 lbs. at knots near the 
smaller end. 

7. Whitewood Columns.— These gave way 
suddenly by breaking the fibres near the small- 
er end, giving no warning of fracture. 

The details and all the figures of the above 
tests will be found in the accompanying tables, 
and the fractures in the cuts. Yellow pine 
No. 2 and No. 4 are those that were on exhibi- 
tion in the Arsenal exhibit in the late fair of 

the Charitable Mechanic Association. 
Passing next to the consideration of the 

second series oftests, I will state that, having 
reported to Mr. Atkinson the results obtained 
from my first set of experiments, and having 
made certain recommendations in regard to a 
continuance of the tests he authorized me to 
carry them on within certain limits of ex- 
pense, according to my own judgment. 

My first step was to order from the carpenter 
four yellow pine and four white oak posts of 
diameters respectively equal to the larger di- 
ameters of the preceding set. I directed that 
these posts should be procured of a length of 
14 feet, and that then a two foot block should 
be cut from the end of each post. I desired 
to compare the crushing strength of the long 
posts with that of two foot blocks cut from 
the same piece of timber. My directions not 
having been strictly followed, I am only able 
to compare average values, and can only say 
that the blocks and posts were of about the 
same quality, and that some of them did come 
from the same pieces of timber as the corres- 
ponding posts. I then took the precautions I 
have already described in regard to the boring 
of the 12-foot columns, and left the two-foot 
blocks without boring. The results of these 
tests give nearly the same values for the crush- 
ing strength per squaae inch of the blocks, and 
of the posts with their ends fixed in 
direction. In the case of yellow pine post No. 
4, i. e., the smallest yellow pine, we find from 
the tables, a breaking strength of 205,000 lbs. ; 
whereas the corresponding block gave way at 
215,000 lbs.— the post had a hole which, at the 
place of failure, reduced the sectional area by 
about three square inches, whereas the block 
was not bored. Three square inches is 
more than enough to account for the 10,000 
lbs. less strength of the post, and it is thus 
plain that, even in this case, where the post 
deflected 0.28 in. before breaking, and broke 
at the middle, the deflection had no appreci* 
able put in the fxfuctojn. 



The crushing strengtiis per square Incb, as 
deduced from these experiments, were as fol- 
lows: 

YXXXOW PXWK. 

Iftt series. No.l 4,097 

" 2 3,«i6l 



*• 



8 4,706 

4 4,000 



17,004 
2d series. 

Blocks. No.l 4.434 

" 2 4,704 

*• 3 4,330 

" 4 4,511 



4,266 i* average. 



2d series. 
Pobis, 



17.960 4.492— average. 



Xo. 1 4,«S7 

" 8 4,084 

*• 4 4,584 



18,325 4,44W average. 

ArfTogeof all the above... 4,896 

Cm^hini; Btrensrth obtai' ed from 

square post No. 4, aeasoned 6,400 



WHITE OAK. 

Ist series. No.l 3.006 

2 8,788 

« 8,753 

4 3,4t;S 









2d series. 
Blocks, Na?. 

o... 
U 



•••••••••«••••• •••••••• 



U,968 3,4g7-average. 

8,133 
8,189 
8,308 



9,674 8.191—average. 

WHITBWOOD. 

No. 1 3,333 

*• 2 2,684 

6,017 8,009 — average. 

This gives us for such yellow pine as was 
used in these tests an average crushing strength 
of about 4400 lbs. per square inch, and for the 
white oak 3150 lbs. per square inch. 

As to the results obtained by other experi- 
menters, we find in the Ordnance Manual the 
following strengths given for 



YELLOW PINE. 

New Hampshire 6,279 

No. Carolina f pitch).. 8,947 

Florida 8,3oO 

North Carolina 7336 

Alabama. 8,201 

Virginia. 7,867 



47.480 



Monongahela River. 

New York 

Maryland 

Massachusetts... 



Canada. 

Connecticut 



(pasture) 



Average ~ 

WHITE OAK. 



New England 

West New York. 
Ohio 



7.918 



6,668 
6,620 

9.106 



North Carolina..... 

Alabama — 

Virginia 

Oregon— 

James River, Va.. 



Average. 



6A<a 
4.601 
6.992 
5.800 
7,292 
6.962 
6.000 
. 5,199 
. 7.089 
. 6,550 
. 6.7-i4 
. 6.90i 
. 6.072 
. 6.667 

117,206 

. 6,511 



Hatfield gives for crushing strengths, yellow 
pine, 9516; white oak, 6068. 

Bankine gives for crushing strengths, yellow 
pine, 5400; American white oak, 6000; English 
oak, 10,000. 

C. Shaler Smith, according to Trautwine, 
gives as the crushing strength of yellow pine, 



On the other haod, the following t«blee, 
which I have the kind permlEBion of Col. 
Laidler to present to you, give the results of 
the teats on wooden posts and blocks that hod 
been mitde at the Watertown areeoltl, on the 
government testing machine, prior to these 
tests, and will be found given In full in his 
report of 1881: 



to theae were two In number, the fpecimena 
having been seasoning abont 15 years, pieces 
12 Inches long, and 4x1 Inches iu section. 
The crushing stj'engtha per square inch were 
respectively 7375 and 7010 pounds. 

Of spruce, they had made quite a nnmber of 
tests, as shown by the following table : 
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lome yellow pihe of very slow growth 
ained the following results: 



They then tried some very green, and w 



have the following average 



Verj green and wet (ArseoBl K 



Bodmi 



Next, as to the tapering. Since posts of 
these sixes give way in the machine, by direct 
crushing, and uot by bending, it necessarily 
follows that tapering a post is a sonrce of 
weakness, and that we only have left tbe 
strength of the section at the smaller end. 
This will be more apparent when we look at 
thefollowing comparative view of the strengths ' 
of tapered and of cylindrical posts of yellow 
pine; the latter having approximately tbe 
same diameters as the larger ends of tbe 
tapered ones. 
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Whythese enormous differences? Evidently 
the higher valnes are obtained from well 
seasoned and straight grained pieces, in other 
words, the differences are due to differences of 
qnality, differences of seasoning, and differ- 
ences of size of tbe pieces under test, for with 
■mall pieces wo necessarily have less imper- 
fections than with large ones. Moreover, it Is 
plain that it is not safe to use as average 
values, tho larger values. 

In regard to while oak, the tests that had 
been madu at the WatectowD Anenal previovs 
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Hence tbe tapering of a 10.5 inch post so as 
to have a diameter at tbe small end of 9.31 
inch was done at an expense of 120,000 pounds 
of strength, etc Hence it is plain that taper- 






laiC. 



Moreover, since the wood is first cnt in 
reclangnlar Or square logs, it follows that the 
very turning It down to a circular form causea 
a loss of strength. I would, therefore, recom- 
mend that tbe logs be used in the square form 
in which they are sent to tbe market, and be 
bM weakened by any reduotioQ in tize, and that' 



if this cannot be done and round colnmns are 
required, that they be not tapered, but have 
the same diameter throughout. The money 
saved by avoiding the turning and tapering 
could be much more profitably spent in im- 
proving the boring and the fitting at the ends. 

In the second series of tests the four yellow 
pine blocks, and three of the oak blocks were 
first tested, and then yellow pine posts Nos. 4 
and 3, the results being as already described, 
the details being recorded in the tables. 

I decided next to make the attempt to imi- 
tate in part the conditions under which a post 
is used in practice, convinced, as I am, that, 
in order to prophesy with any certainty what 
will happen in the use of any piece, we must 
make our tests conform to these conditions. 
The first condition of practical usage to which 
I endeavored to conform was the use of an 
eccentric load, or a load whose resultant does 
not act at the centre of the end of the post. 
That this is the case in practice will be very 
evident when we consider the construction of 
an ordinary mill. 

On the first fioor we have a column, resting 
on a fiat casting, on top of the column rests 
another flat casting, on which stands a pintle 
in the centre and the two adjacent fioor beams 
on either side; above the pintle is the fiat 
casting which supports the column of the 
second story, on top of which rests another 
flat casting, which in its turn supports another 
pintle in the centre and the two adjacent 
floor beams of the third story on either side. 

Let us consider now, the column of the first 

story. All the load that is brought upon it 
from the stories, above the second, is brought 
through the pintle, and hence would be, if the 
fitting were perfect, applied at the middle; 
on the other hand, if the fioor of the second 
story is unevenly loaded, one of the fioor 
beams resting on the column having a 
heavier load than the other, the two loads 
due to the weight resting on the second story 
floor would be unequal, and hence the re-, 
sultant load upon the column is not applied 
at the centre, but at some point outside of 
the centre. 

My first attempt to imitate in a certain way 
this eccentric loading of a column was made 
with yellow pine post No. 2. The post rested 
against a fiat casting as shown in the cut, 
back of this casting was placed a rectangular 
bar whose section was 1.36X1.1 in., the bar 
being placed la a horizontal position, with its 



centre at a depth of 2.33 in. below the central 
diameter of the column, the pressure being 
transmitted from the piston head of the ma- 
chine to this bar, and thence to the column; 
the other end of the column having a full 
bearing at the other end of the machine. 
The pressure being now applied defiection of 
course set in, reaching 0.02 in. only, at 40,000 
lbs., and constantly increasing with increased 
loads; at 100,000 the defiection became 0.1 in., 
at 150,000 0.15 in., at 200,000 it had already 
become 0.3 io. and now the plate had percep- 
tibly ceased having a full bearing on the 
top of the post. At 250,000 the defiection 
had become 0.45 in., at 260,000 it was 0.5 and 
increased to 0.58., the column finally giving 
way at 265,000 by opening longitudinal cracks 
near the end loaded eccentrically, and deflect- 
iug upwards. This column had a sectional 
area of 76.7 square inches and, at the average 
value of the crushing strength per square inch 
of the yellow pine, viz., 4400 lbs., the column 
would have borne 337,500 lbs., thus we have a 
loss of strength of about 72,500 lbs. due solely to 
the eccentricity of the load, and as this eccen- 
tricity must undoubtedly take place when the 
column is in place in a mill, it is evident that 
a certain portion of the breaking strength, by 
no means inconsiderable, is to be deducted 
from this cause alone. This loss of strength 
was not at all as great as it would have been 
had the resultant pressure been applied along 
one horizontal line at the centre of the bar, 
the end of the column being, as 'it were, 
hinged at this line. In that case, theory 
would give us for the loss of strength 174,- 
600 lbs. instead of 72,500. The remainder 
was taken up by the bending movement 
in the plate and in the bar, the action 
being evidently as follows: The eccen- 
tric pressure brought upon the bar an un- 
equally distributed stress which caused the 
resultant to act at a point nearer the centre 
than 2.33 in., then the rigidity of this bar . 
prevented the plate from turning around as it 
would about a knife edge, and (paused a bend- 
ing in the plate, so that a free bending of the 
end of the column was prevented, and there 
was a considerable bending moment taken 
up by the plate and bar, the pressure being 
thus, more evenly distributed on the column, 
than it would otherwise have been. It follows 
naturally, that the breaking strength would 
vary with the material of which the bar and 
plate were composed. In this case the plate 
was steel and the bar wrought iron. 
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White oak post No. 3 was next tried in a 
similar manner, the eccentricity of the centre 
of the bar being in this case 1.91 in. The de- 
flection set in at 10,000 lbs., and increased rap- 
idly till, when the load had reached 100,000 
lbs., it had become 1.08 in. ; this increased in 
15 minutes to 1.7 in., and the post was then 
rapidly failing. This x)ost had a sectional area 
of 50.92 square inches. At 3200 lbs. per square 
inch this would have borne with a uniformly 
distributed load 162,900 lbs. ; there was thus a 
loss of 62,900 lbs. due to the eccentricity. Had 
the post been free to turn, or had it been rest- 
ing against a knife edge at the centre of the 
bar instead of against the flat surface of the 
bar, theory would give a loss of 106,000 lbs. as 
against 62,900, thus leaving the breaking 
strength cf the post 56,900 lbs. 

In both the above cases it is plain that the 
breaking strength was considerably increased 
by the rigidity of tho bar and plate. That 
there is a certain action of the same kind in 
practice from the rigidity of the pintle is also 
plain, and that the better fitted, and the larger 
tho pintle the more will be tho rigidity, and 
hence tho greater the breaking strength. Of 
course it would bo desirable to approximate as 
nearly as wo can to the rigidity furnished by 
tho pintle, or by different pintles, with differ- 
ent degrees of perfection in the fitting. 

My attention was next called to the fact 
that the pintles in practice were likely to be a 
source qf weakness, and hence I made two 
tests on' columns with pintle ends. These 
tests, as well as those on tho eccentric loading, 
hardly furnish more than general indications 
and suggestions for a systemactic investiga- 
tion that ought to be carried on in this 
regard. Thus the pintles in both cases 
were iron cylinders 4.35 in. diameter and 
8.7 in. long, their ends being carefully 
turned in a lathe and made parallel to each 
other. 

The two posts tried in this way were, Ist.^ 
White 02,k post No. 2, a very knotty, and poor 
stick. It remained with neither deflection^ 
nor sliding nor rocking, on the pintles until 
the load reached 60,000 lbs., when motion too^ 
place near one of the pintles. This is shown 
in the right hand pair of columns of figures 
marked deflections, and it indicates the mo- 
tion of the post at a point 1^ feet from its 
south end. This motion was not great, amount- 
ing only to 0.02 in. As the load increased , 
however, this motion rapidly increased, and 
at 180,000 lbs. a very considerable rocking on 



the pintles had already taken place, thus at 
the north end, the post had moved 0.09 in., at 
the south end 0.16 in. vertically and 0.07 in. hor- 
izontally, and it also had taken a very consider- 
able deflection. At 190,003 lbs., where it failed, 
the rocking and defloctiou had both increased 
very considerably. If the 190,000 be divided by 
the area of the cross section we should obtain 
a breaking strength of only 2400. lbs. per 
square inch, which is far below any oak pre- 
viously tested. This would make it appear 
that the pintles were a source of weakness, 
causing by their rocking a bending of the 
stick, and thus an unequal stress. Whether 
this is so or not, when tho pintles are provided 
with perfectly parallel surfaces as they were 
in our case, is a matter for farther experiment 
to determine. The same post was subsequent- 
ly tried with ends fixed in direction and then 
sawed apart, and one-half tested again with 
ends fixed in direction, but I do not feel au- 
thorized to draw any conclusions whatever 
from these latter tests, as the wood had been 
already subjected to severe stress. Neverthe- 
less, the details are given in the table, and 
any one who feels so inclined can draw what- 
ever conclusions ho thinks proper. 

The other post tried with pintle ends was 
a very straight grained stick of yellow pine 
(yellow pine post No. 1), and in this case there 
was hardly any rocking or sliding on the pin- 
tles, and the I post was hardly weakened, 
if at all, by the pintle ends, the break- 
ing being evidently effected by direct crush- 
ing and not by deflection. 

Besides the above described tests two square 
columns of yellow pine were tested. These 
columns were such' as were used in the exhi- 
bition building of the Charitable Mechanic 
Association, and are furnished with a yellow 
pine bolster, into which they are mortised. 
These two columns had been sent to the arsenal 
about the middle of last July, and had re- 
mained in a warm room since that time, so 
that they were in a much more advanced stage 
of seasoning than the other columns tested. 

I first tested one of these, marked yellow 
pine post No. 4. It was placed directly in the 
machine without any eccentricity, resting at 
one end on the platform of the machine, and 
at the other on the bolster, such as is used in 
their building. The post was, as shown by 
the table, about 8.4 in. square. When tho load 
had reached 20.000 lbs. the bolster began to 
give way, emitting snapping sounds, and con- 
tinuing to do BO) and gradually crushing more 
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and more as the load increased; very soon a 
wedge-shaped piece began to split off from one 
side, and the bearing of the post against ther 
bolster was therefore on one side. The bolster 
was left in and allowed to become more and 
more broken np until the load reached 120,000 
lbs., when the uneqoal pressure on the bolster 
caused the post to crack, the bolster itself 
being in the mutilated condition shown in the 
cut. The bolster was then taken out, the 
tenon on the post sawed off, the end of the 
post squared up, and the i>ost itself tested with 
ends fixed in direction ; it bore 375,000 lbs. 
pressure beforo breaking, when it gave way 
by the crushing of the fibres near one end. 
The pressure was then continued simply for 
the sake of marking the fracture more plain- 
ly, and during this continuance the i>ost took 
a double flexure, giving way at the other eud 
also and at the middle, the fracture at the 
middle showing both crushing and tearing of 
the fibres. 

The above test shows how very bad a plan 
it is to use wooden bolsters instead of iron 
caps. The crushing strength in this case was 
5400 lbs. per square inch. 

I next tested the other yellow pine square 
post marked No. 5, first with the bolster and 
an eccentricity of loading. The bolster began 
as before to yield at about 20,000 lbs. and it 
was taken out when the load reached 60,000 
lbs., and the tenon sawed off, the end squared 
up and the post itself tested with au eccentric 
load as before, the centre of the bar being 2.07 
in. eccentric. The column yielded at 240,000 
lbs., the behavior of the preceding posts being 
repeated. In almost all the tests the compres- 
sions under the different loads were measured 
with the view of determining the modulus of 
elasticity, or the ratio borne by the load per 
square inch to the compression per inch of 
length produced by that load, only those loads 
being used where equal increments of lokd 
Kive equiil compressions. 

In tbu case of the tapering posts, inasmuch 
irt tlie section varied at different points, I 
used the middle section in computing the 
uiodulnH (;f elasticity. By so doing, I obtained 
the. following values: 



YELL.OW PINK. 

No. 1 1^1^4 

1' l,(»l,u:{5 

:h 2,Ub7;J47 

4 2,aM,.«5 

4)7,80M^l 
▲veraje i,95.,0Sb 



WUITK OAK. 

No. 1 1.222,222 

2 I,(a3,987 

3 1.5 4,389 

4 1,748317 

4)6,150,415 

Averajre ...... 1,639,854 



On the other hand, in the second series of 
tests there could be no queistibn as to what 
section to use, for they were of the same sec- 
tion throughout,, and the following values 
were obtained : 



YELI/OW PINS BLOCKS. 

No. 1 l.(»7.425 

2 2,443.4a 

8 I,tf44,4>3 

4 1,900,252 



4)7.64j>,571 



Average . 



l,911,39it 



WHITE OAK BLOCKS. 

No. 2 1,. 66,382 

8 1,101,938 

4 1,902,<R» 

8)»,572>I3 

Average 1.19u,9Si 



YKLLOW PIXE COLUMNS. 

No. 8- 2,100.882 

4- 2,U81,3^1 

2)4,251 ,2li:( 
Average. 2,L25,6u2 

We thus have as average values: 

WHITE OAK. 



YELLOW PINE. 

1st series 1,932,0')8 

2d series blocks. 1,911,388 
2d series posts... 2,125,602 



8)5,989,058 



Average 1,996,851 



1st series 1,539,854 

2d series blockb. 1,190,981 

2)2,73u33'» 
Average 1,365,4X8 



As to the discrepancy of the values deduced 
from the blocks and posts of yellow pine, it 
seems to me that it is probably duo to the fact 
that the tests on posts and blocks were made 
in about the same length of time, and hence 
the intervals of time between the successive 
loads were about the same in the posts as in 
the blocks, and the posts may not have had 
sufficient time allowed to assume all the com- 
pression they would otherwise have assumed. 

Now, as to instances of failure of mill 
columns in use, while I have made no 
special effort to ascertain them, I have 
heard of some from various causes; it is 
probable that were the matter fully inves- 
tigated, more would be heard from. In one of 
the ckses which have come to my attention 
dry rot was the cause of failure; in some 
others excessive and long continued damp- 
ness; and in another instance I was informed of 
the case of a burning mill five stories high, in 
which the fioors fell in within twenty minutes 
after the alarm was sounded, and the whole 
building was in ruins inside of one hour. My 
informant thinks that the columns ih this 
case were loaded nearly up to their breaking 
strength, and that then, a little charring so 
weakened them as to cause sudden failure. 
Without disputing his conclusions, since he 
was an eye witness of the occurrence, it 
seems to me that another cause must also have 
had a part in the transaction. Since the mill 
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was five stories in height, whenever the floor 
beams on one side of a vertical series of 
columns burned the set of columns was left in 
the condition of one very long column, and any 
initial deflection arising from imperfect fit« 
ting, Would at once be very much increased 
by the eccentric loading, and the conse- 
quently long and jointed column would 
easily bend and fall. Now we need to 
know, just how far we can go safely in making 
a long column, and then either confine our- 
selves to a smaller number of stories, or else 
put iu columns that will bear the greatest 
loads that can come upon them, together with 
their greatest eccentricity, and besides this 
wo need to have very careful fitting between 
the cap plates and the pintles, and also, it 
seems to ma exceedingly desirable, to know 
by actual test what is the result of just such 
imperfect fitting as we meet with in practice, 
and I believe it to be perfectly possible, by 
means of the power wo have at our command, 
iu the government testing machine, to thor- 
oughly investigate this point, and hence to pre- 
scribe such conditions for the fitting as shall 
keep us within safe limits. 

I will now proceed to sum Up what, as it 
seems to me, are the conclusions that we may 
fairly draw froih these experiments, in the 
light of the previous tests made at the arsenal, 
and the recommendations that these conclu- 
sions would lead me to make. 

1. I should recommend that the longitudi- 
nal holes iu wooden mill columns be bored 
from one end only, and that all posts bo re- 
jected in which the eccentricity at the other 
end is greater than a given small amount as 
three quarters of an inch. This recommenda- 
tion is made iu View of the f«icts that holes 
bored from the two ends are very liable not 
to meet in the middle, and hence not to allow 
a circulation of air, that if the hole becomes 
very eccentric the column is liable to be 
weakened, and also by the presence of two 
holes at the same section. 

2. I should recommend that mill columns 
bo not tapered, as the tapering U a source of 
weakness, the loss of strength in one of the 
cases tested amounting to about 120,000 lbs. 

3. I should also recommend that square 
columns be used in mills instead of round 
oucs, for the reason that tho timber comes to 
the wharf in the form of square logs, and 
when tho columns are made round, they are 
cut from the square form, and this cutting 
awuy cf the wood is a source of weakness. 



4. The strength of a column of hard pine 
or oak, with *' flat ends,'' the load being uni- 
formly distributed over the ends, and of the 
diameters tested, is practically independent of 
the length up to a length of twelve feet (how 
much further can only be decided by further 
experiment), such columns giving way prac- 
tically by direct crushing, the deflection if 
any l^eing as a rule very small and exerting 
no appreciable influence on the breaking 
strength. 

5. The only exceptions to the above are 
found in cases where there is good reason 
for departure from the rule, as in the case of 
very imperfect wood or of very eccentric 
holes, but even there the influence of the 
deflection in reducing the strength is not 
nearly as great as has been generally sup- 
posed. 

6. No formulae founded on the generally 
received hypothesis, that the deflection exerts 
a very considerable influence on the breaking 
strength of such columns as those referred to 
represent correctly their breaking strength for 
all lengths and diameters. 

7. For such columns as those referred to, 
the most correct rule for determining the 
breaking strength is to multiply the number 
of square inches in the section (the smaller 
section being used in the case of tapering col- 
umns) by the crushing strength per square 
inch, of the wood. 

8. The crushing strength per square inch 
varies very considerably in specimens of diff- 
erent degrees of seasoning, also in large and 
small specimens. 

9. Tho average crushing strength of wood 
is much less than has been supposed by many. 
That of some very highly seasoned hard pine 
was found at the arsenal to be 7386 lbs. For 
some hard pine of very slow growth and very 
highly seasoned an average crushing strength 
was found of 9339 lbs. For some very wet 
and green they found a crushing strength of 
3015 lbs. For some yellow pine which had 
been seasoning about three months I found 
5400 lbs. For average crushing strength of 
such posts as I tested, not thoroughly seasoned, 
and not very green I found about 4400 lbs.i 
whereas iu none of these cases did I obtain a 
greater result than about 4700 pounds. Hence 
it would bo entirely unfair to assume a crush- 
ing strength of 8003 lbs. for yellow pine. For 
two specimeui of whito oak tried at tho arse- 
nal and very thoroughly seasoned, an average 
was obtained of about 7150 lbs., whereas for 
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such oak as was ftnnished me, which was very 
green and very knotty, I obtained an average 
of about 3200 pounds. 

10. I would recommend the use of iron 
caps instead of wooden bolsters, as wood is 
very weak to resist crushing across the grain ; 
and the wooden bolster will fail at a pressure 
far below that which the column is capable of 
resisting, and the unevenness of the pressure 
brought about by the bolster is so great as to 
sometimes crack the column at a pressure far 
below what it would otherwise sustain. 

11. Any cause which operates to distribute 
the pressure on the ends unevenly, or to force its 
resultant out of centre, is a source of weakness, 
and brings about a very considerable deflec- 
tion, which exerts an important influence in 
reducing the breaking strength. 

12. As far as these experiments have gone, it 
appears that such pintles as were used in these 
tests, when the fitting is perfect, exert no in- 
fluence upon the breaking strength of perfect 
and straight grained columns, but that they 
probably are a source of weakness in the case 
of imperfect and knotty wood, and especially 
in cases where there is an incipient deflection. 
Farther experiment is needed, however, to 
answer these questions fully. 

13. 1 would also recommend that the horizon- 
tal holes connecting the longitudinal holes with 
the outside air be made in the iron cap, and 
not in the wood ; this will prevent weakening 
of the post by the hole, and will prevent the 
closing of the hole by change, in moisture and 
other causes. 

14. Another conclusion which I think, is 
very evident, is that the crushing strength of 
full size columns cannot be fairly inferred 
from tests made on columns no larger than flve 
feet long and two inches on a side. 

While it seems to me that the above conclu- 
sions can be drawn with certainty, the tests 
have furnished a large number of suggestions 
as to what ought to be done, and of opinions 
as to what would probably happen in certain 
cases of testing, but I should hardly feel will- 
ing to state mere opinions until they are veri- 
fied or disproved by experiment. Nevertheless 
it seems to me that I have shown the great 
importance of carrying these tests farther, 
and making such a systematic inquiry into 
the strength of wooden mill columns that we 
may be able to predict with certainty what 
such columns will bear under all the usual 
conditions of loading. Such a systematized 
Mt of tests would necessarily cost more than 



the Boston Manufacturers'^ Mutual Fire Insnr 
ance Company would feel justified in exi>end- 
ing, but would be only a trifle if taken up by 
two or three of our wealthy mill corporations 
and would far more than repay them, for the 
entire expense would be as nothing compared 
with the falling of a mill. 

In such a set of tests properly carried out 
one should feel his way very carefully, and 
one result would naturally suggest another 
experiment; hence it would be very unwise 
to mark out beforehand the series of tests to 
be made, and not to allow modifications as 
circumstances might require. Nevertheless 
these tests have furnished such a quantity of 
suggestions that I can readily map out, in a 
general way, a series of tests that should be 
undertaken, and then modified as new sugges- 
tions arise. 

1. All the sizes of columns ordinarily used 
in mills should be tested, both in the seasoned, 
and the unseasoned state, and both of oak and 
hard pine ; or, rather, such a number of sizes 
should be tested that we may be able, from 
these, to infer with certainty, the strength of 
the remainder. We should thus ascertain 
whether, in any of the sizes used in mills, the 
deflection has any serious influence on the 
breaking strength, or whether such influence 
is confined to ratios of length to diameter 
greater than those used in mills. If the former 
is the ease, the amount of infiuence of dif- 
ferent lengths should be definitely ascertained. 
We could thus mal^e out a table showing what 
are the breaking strengths of fiat-ended mill 
columns where the load is uniformly distribu- 
ted over the ends, and of such sizes as are 
commonly used. 

2. All the different forms of pintles in com- 
mon use should be tested to see what is their 
effect on the breaking strength of the columns, 
and in so doing, we should endeavor to imitate, 
as far as possible, all the imperfections of fit- 
ting used in practice. This, I believe, it is 
perfectly possible to do. 

3. We should ascertain how the strength of 
a column with what, for want of a better term 
might be called rounded or pin ends, differs, 
if at all, from that of a column with ends 
fixed in direction. Hodgkinson claimed that 
the strength in these cases was very much 
decreased, in the longer columns to one-third 
what it was with flat ends. The effect of the 
tests on my mind in this regard is (to say the 
least) to throw a very grave doubt on such a 
conclusion* when the resultant of the load 
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pacises through the centre of the colnmn, and 
the question ought certainly to bo settled. 

4. We should then ascertain the effect of 
using ill fitting pintles and eccentric loads, 
thus trying to imitate, as far as possible, the 
condition^ of practice. 

5. We should examine the different kinds 
of wood used for mill columns, and ascertain 
its crushing strength both before and after it 
has been in use in a mill. 

6. Another series of important experiments 
would be a set of tests to ascertain the effect of a 
long continued operation of loads less than the 
breaking load. These tests could be conven- 
iently made, I believe, at the arsenal, though 
not in the machine; and the very fact of 
a column (1st series, yellow pine, No. 2), 
which broke at 190,000 pounds, acting for an 
hour, and Which would probably have borne 
200,000 or 210,000 pounds, if it had been ap- 
plied at once, gives us good reason to suppose 
that, if the loads were left on for a month or a 
year, that a load considerably less than the 
instantaneous breaking load would produce 
rupture of the column, especially when 
changes of load occur. 

Besides the above there are a great many 
other points that would present themselves 
during the course of the tests such as the 
determination of the limit of elasticity, if 
such a thing exists; the modulus of elas- 
ticity, etc., etc. Also, it might be desirable to 
test two columns in line with a pintle between 
them. Such information as that described 
(which would however be of immense value 
to the mills, and to constructors generally) 
would require a carefully conducted and sys- 
tematic sef ies of experiments on full size mill 
columns. The cost of such a set of tests is, of 
course, difficult to estimate exactly, and if the 
tests were not carefully planned and made, 
and the I'esults were not carefully watched 
and correctly interpreted, it might involve a 
great deal of expense. But if the tests were 
properly conducted I should estimate the cost 
of a quite extensive series that would furnish 
a large amount of information somewhere in 
the neighborhood of $4000. This is a larger 
sum than an insurance company would feel 
justified iu spending on such a matter, but if 
undertaken by two or three mill corporations 
they would not feel the expense, and, when- 
ever a question arose, as to the safety of adding 
Weight on their columns, or of putting in new 
columns, they would have some information 
wi the subject that could bo depended upon. 



I will say that Mr. Atkinson has authorized 
me to carry these tests a little farther, and 
that I shall therefore touch upon one or two 
of the matters mentioned above, but all that 
I can do, while keeping within such limits of 
expense as he can authorize me to make, will 
be to obtain a few more suggestions which 
will be far from giving us all the information 
on the subject, that we need. I would there- - 
fore urge upon our mill corporations the im- 
portance of having such a series of tests made 
while the matter is fresh, and not to wait 
until some disaster calls more forcible atten- 
tion to it. 

I cannot close without acknowledging spe- 
cially the assistdQce and suggestions I have 
received from Mr. Hjward, the skilful oper- 
ator of the miichine, and also a great many 
suggestions which I have either received 
directly, or have been led to think of, by 
some remarks made casually by other people 
who have taken an interest in these experi- 
ments. 

In conclusion. I desire to emphasize very 
strongly, the great importance of conforming, 
in our testing, to the conditions under whicli 
the piece under test is used in practice ; and 
bearing in mind that tests made under any 
different conditions only furnish us certain 
data, by means of which, with the use of our 
judgment, to determine the behavior of the 
piece in practice ; and that j ust as far as we 
have fallen short of conforming tha conditions 
of the test to the conditions of practica, ju^t 
so far are our data upon which to form our 
judgment insufficient. 

I will add that the results of these tests 
have already been put into practical use in 
a large and important construction. 

Since the above was written, an opportunity 
presented itself for testing some old columns, 
and Mr. Atkinson having authorized me to 
to spend a little more money, but not at all 
enough to make any one of the investigations 
complete, I have used it to obtain a few more 
facts, which contain, as I believe, a number 
of useful suggestions. 

The old columns were all of oak, and came 
from three different mills, which I will call 
respectively mills Nos. 1, 2, and 3, No. 2 being 
the Pacific Mills at Lawrence. The posts 
that were received from mill No. 1, seven in 
nuiuher, had been in service about six and a 
half years, and were removed because they 
were deemed unsuitable. They were all about 
li^ieet long, about 6^ inches in diameter at 
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^be larger end, and 51 to 6 inches in diameter 
at the smaller end. They were all bored and 
the boring was excellent, as I was unable to 
find one where there was not a hole clear 
through. The load they had sustained is 
estimated by one of the gentlemen connected 
with the mill at about 10,600 pounds per 
column, besides the weight of the snow in 
winter. They ^ere provided at the top with 
a maple cap surmounted by an oak base on 
which rested the next column above, or the 
roof timbers. Of tbese columns three, viz., 
Kos. 191-4. 1915 and 1910, were tested between 
the platforms of the machine, the ends being 
brought to an even bearing. The remainder, 
viz., Nos. 1917, 1918, 1931 and 1932 had the maple 
capaudoakboso interposed between the column 
and the platforms of the machine, the ends, 
of course, not being brought to au even bear- 
ing. It is also to be observed, that all the 
old columns were painted, the defects being 
thereby partially concealed. The results are 
given in the tables annexed, and, ly dividing 
the breaking weight by the area of the small- 
est section in each case, we find as crushing 
strengths per square inch the following: 



No. 

1914. 
l»ld. 
1»16. 



Lbs. 

..«ft)32 



No. 

1917. 

1918. 

IH31. 

113:!. 



Lb9. 

..^263 
..422:) 



It is to be observed that Na. 1914 was not 
straight ; No. 1915 had but few apparent de- 
fects ; No. 1916 was not straight, and had some 
large season cracks, one especially being very 
large ; No. 1917 did not appear to have a great 
many knots, and those where it failed were 
not very large; No. 1918 was not straight, and, 
furthermore, had its larger end decayed ; Nos. 
1931 and 1932 bad a number of small knots, 
but did not appear to have any very large 
ones. Ai to deflections induced bythd load, 
we see from the tables that this was almost 
inappreciable in the case of the second; in the 
first and third it reached about .75 inches; in 
the fourth about A inches, while in the last 
three it exceeded one inch very considerably. 
It U to be observed that in only one case does 
the crushing strength per square inch reach 
6000 pounds, and also that, in the case of the 
last four, where the maple caps and oak bases 
were used, and the ends were not squared up, 
the strength averages l^ss than in the case of 
the first three. 

Those columns, ten in number, that are 

( marked as coming from mill No. 2, were taken 

out of the worsted department of the Pacific 



Mills, at Lawrence, where they are making 
some alterations. Six of these came from the 
first floor of the mill, and are marked A, B, C, D, 
E and F, respectively, and the remaining four 
were taken out of the second story of the mill 
and are marked respectively G, II, I and J. 
All were about 14 feet long, the first six 
having each a diameter of about 10.5 inches, 
and the last four of about 9.5 inches. Of the 
first six, the first four were tested simply be- 
tween the platforms of the machine, the ends 
being brought to an even bearing in one case 
only, viz., in the case of D. E and F were 
tested with an iron base plate at one end, and 
an iron cap and pintle at the other, the pintle 
being 19.6 inches long, and having for cross 
section a hollow rectangle 8.45X5 inches out- 
side, and 7.1 X3.75 inches inside, the base, cap 
and pintle being those that had been used in 
the mill with some on6 of these columns. The 
crushing strengths per square inch, obtained 
by dividing the breaking strength by the 
area of the section in each case, are as follows: 

A 4263, en6% not stjuared. 

B risso, 

C 4381, 

D 4G04, ends Hquared. 

E 4GG2, Willi liinile, 

F 4833. " 

Of these posts A was not straight ; D had a 
winding grain, season cracks, aLd was nut 
straight; C was quite knotty and appeared 
shaky near the failure ; D, E and F appeared 
to be tolerably free from defects. 

The posts 0, II, I and J were taken from the 
second floor of the mill, and a/e about 14 fuet 
long and 9.5 inches iu diameter. The first 
three were placed simply between the plat- 
forms of the machine, the ends being ia no 
case brought to an even bearing, and the 
fourth, or J, was tested with an iron base- 
plate and pintle at one end, and an iron cap 
and pintle at the other. The results are 
given in the tables, and from thi-m, if we 
divide the breaking weight iu each case by the«/ 
area of the section, we obtain, as crushing . 
strengths per square inch, the following: 

G..........4,881, ends not sqaared. 

U .3,433, 

J 3,266, with pintles. 

I will add that these four posts appeared 
quite defective, having a good many kuoto, 
and being more or less bent, and, in the cose of 
J, the post was gouged out to a depth of about 
i of an inch for a length of about 20 inches 
near the base. Ja the case of II, the pjst 
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towards the end of the test took what, for want 
of a better term, I have described as a triple 
flexure, i.e., it had three points of inflection, 
one of which was in the neighborhood of the 
middle where the deflections were measured. 

All these posts from the Pacific Mills had 
been in service about twentj-five years, and, 
if we assume 50 pounds per square foot as the 
weight on the roof and 60 pounds per square 
foot as the weight on the floor, we should ob- 
tain as the load that had been supported on 
each of the first six from 46,400 to 53,650 
pounds, and as the load on each of the last four 
from 36,800 to 42,550 pounds. 

From mill No. 3 I had one old oak column, 
of which I* know nothing about the time it 
had been in'^service, nor the load it had borne. 
It was placed simply between the platforms of 
the machine and showed a crushing strength 
of 6147 pounds per square inch. 

The above eighteen are all the old oak col- 
umns that were tested. It will be noticed 
that in two Cases we obtain a strength a Jttle 
over 6000 pounds per square inch, but that n 
no other case does the strength exceed oOOO 
pounds, and that in one case in mill No. 1 when 
the maple caps were used, it fell as low as 2943 
pounds per square inch. 

The next set of posts consisted of two white 
oak posts and one white oak block left un- 
tested lasl November. The smaller of these 
posts, marked in the tables No. 4, second se- 
ries, was tested squarely in the platforms of 
the machine, the ends being brought to an 
even bearing. It had a crushing strength of 
3219 pounds per square inch. The block left 
untested broke with 4450 pounds per square 
inch. The post was, however, very poor and the 
block very good. Both had been kept in the 
storehouse since last November. The remain- 
ing post of this lot had a diameter of 10.95 
inches and this was a poor stick. It was tested 
with the load eccentric 2$ inches, the load be- 
ing applied along a single line by the use of 
Ae castings shown in the sketch, the rigidity 
#ue to the bar used in making the eccentric 
tests last November being thus avoided. The 
result was, as would naturally be expected, a 
great reduction of strength, as the post, if 3000 
pounds per square inch were assumed as its 
crushing strength, would have borne 276.480 
pounds, whereas the actual load under which 
failure took place was 170,000 pounds. 

The remaining posts and blocks were of yel- 
low pine furnished by Messrs Stetson & Mose- 



ley, and were each four in number. Nos. 1 
and 2 were square. No. 1 being Savannah tim« 
ber, dock seasoned, and No. 2 Brunswick tim. 
ber, also dock seasoned. The corresponding 
blocks were of the same kind of timber, but ) 
cannot assert that, they were cut from the 
same piece. In the case of the round 
ones the corresponding blocks were cuf 
from the same pieces of timber, and .bored 
One of these columns was 14 feet long, Por( 
Royal timber, seasoned on'the wharf, theothei 
was 12 feet long. Port Boyal timber, and 
dock seasoned. The first was tested between 
the platforms of the machine, and bore 4354 
pounds per square inch, the deflection before 
fracture being very small; the block which 
was sawed from the end of the post bore 4S9S 
pounds per square inch, the post in this case 
having a great many season cracks. 

The other round post was 12 feet long and 
was tested with one end fl<it, the load being 
centrally applied along a single line, by 
means of the castings shown in the cut. It 
bore 4662 pounds per square inch, while the 
block sawed from its end bore ouly 3604 
pounds per square inch, the block containing 
a knot where failure took place. The square 
posts were tested, one with the load eccen- 
trically applied along a single line, and the 
otht r with a pintlo with the ends not parallel. 
The results are r'-»on in the tables, together 
with the crusu ^ strengths of the corre- 
sponding blocks. 

Perhaps the most important result of this 
set of tests is the fact that tliese old oak col- 
umns which had been in use gave crushing 
strengths whose average is far below 6000or 7000 
pounds per square inch, and hence that, while 
such crushing strengths and even higher ones 
can be obtained by means of well seasoned 
and perfect pieces, this would not answer for 
an average crushing strength far such oak as 
has been in these mills. Another matter 
forthy of attention is the fact that these old 
jak columns were f.equently very brittle, and 
often split on breaking. I was unable to ob- 
tain any old yellow pine columns. 

The experiments with eccentric loads com- 
bined with a bearing along a single line, thus 
avoiding the rigidity of the bar ustd in the 
other case, showed, as wa^ t) be expected, a 
much greater reduction of strength. The ill 
fltting obtained in those posts from mill No. 1 
where the maple caps were u.>ed appears to 
cause a loss of strength, but ia the cases of 
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the pintles and eccentric loads we need a large 
number of tests, and those made can only 
serve as special cases. They furnish us but 
little indication in the case of the pintles, and 
still continue to exhibit a large reduction of 
strength in the case of the eccentric loads, 
and a greater reduction the less the rigidity. 

In concluding I can only reiterate what 
I have already said, iu regard to the im- 
portance to our mill corporations of having 
a thorough investigation made of these 
matters involving complete series of tests, iu 
which the conditions of practice are approzi- 
mated to as nearly as possible, and I would 
urge the importance of the same kind of in- 
vestigation to those railroad companies that 
use wooden bridges. If formulse could thus 
be obtained for certain cases we should be 
irery fortunate, but I look rather for the making 
>f tables, such as I described on page 13 of 
this report, and certainly if formula could be 
obtained we should expect to find different ones 
for every different mode of fixinsr the ends. 

Before closing, I must state that I have re- 
cently had some correspondence with Mr. C. 
Shalcr Smith, and that I have been requested 



by him to state that the formula given for yel- 
low pine columns in Trautwine's hand book 
as Mr. Smith's formula, was intended, as I 
understand from his letter, to meet the case of 
such ill fitting joints and other imperfections 
as occur in practice, and not for perfectly even 
bearings. I will also add that Col. Laidley, of 
the Watertown arsenal, is cow carrying on a 
set of tests of a large number of white and yel- 
low pine columns, all tested between the plat- 
forms of the machine with even bearings. 
This series of tests cannot fail to furnish some 
very valuable information, and it would be 
very desirable if it could be followed up by 
other extensive series of tests such as I have 
already mentioned. 

Bespectfully submitted, 

' Gaetano Lanza, 

Boston, June 1, 1882. 

This report formed the subject of two com- 
munications, by the author, to the Society of 
Arts, of the Massachusetts Institute of Tech- 
nology; one on December 8, 1881, and the 
other on May 11, 1882, and of a paper read 
before the American Society of Mechanical 
Eugiueera on April 21, 1882. 
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